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(71) We, Chubb Fire Security 
Limited, a British company, of Pyrene 
House, Sunbury-on-Thames, Middlesex, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

Fire alarms using optical detectors have 

10 generally relied upon smoke detection. In 
a first type, light from a source falls directly 
on a light detector, the light incident on the 
detector being reduced in the presence of 
smoke, and in a second type a barrier pre- 

15 vents the direct transmission of light from 
the source to the detector but in the pre- 
sence of smoke light reaches the detector 
along indirect paths after diffraction and /or 
reflection by the smoke particles. The latter 

20 form of detector has generally been pre- 
ferred. 

Detectors in which the light-sensitive de- 
vice is directly exposed to a light beam may 
have the light source and light-sensitive de- 

25 vice enclosed in a detector cell or may be 
such that the light-sensitive device is also 
subject to ambient light. A difficulty with a 
detector subject to ambient light is that the 
signal which it produces due to the ambient 

30 light may be of such an amplitude that it 
becomes difficult to sense changes in the 
light from the source. In one proposal a 
laser was used to provide a narrow beam 
of light and this beam was refracted by the 

35 heated air and other heated gases in the 
presence of a fire and, in some cases, moved 
off the light-sensitive device. Whilst this 
produces a sharp beam cut-off in the pre- 
sence of a fire, the effect of the ambient light 
* 40 is still felt and there is the further disad- 



vantage that the aiming of the laser beam is 
ver}' critical and the stability required for 
the laser mounting may be greater than can 
be achieved in some buildings, where normal 
wall movement may cause the narrow laser 45 
beam to wander off the target. Although it 
is possible to detect such movement and to 
restore the beam position by means of a 
servo mechanism, this solution is expensive. 

Fire-detecting apparatus according to the 50 
present invention comprises : a source of 
radiation including a solid-state emitter emit- 
ting a beam of radiation in a se ries of pulses; 
radiation-receiving* m earns positioned to re- 
ceive radiation which has passed through 55 
an intervening gaseous medium from the 
said source and including a device sensitive 
to the received radiation to produce a 
corresponding electric signal, the beam of 
radiation, where incident on the radiation- 60 
receiving means, overlapping the radiation-' 

receiving means" around the "whole, of _jts " > v f-U*<='5 ?J C h 

perimeter; a frequency-selective circuit for" 
selecting, from the output of the radiation- 
sensitive device, a pulse signal resulting from 65 
the pulses of radiation from the said source; 
and an alarm circuit connected to receive 
this pulse signal and^ejpjojisjy^Joan ampli- 
tude modulation thereof indicative "of_ the 
effect". qf the heat of a fire^on the^said inter r 70 
vening gaseous medium. 

By "amplitude modulation mdjcaUye of 
the effect of the heat of~a*"fire"on the inter- 
vening gaseous medium", we mean"lTvaria- 
tion of the amplitude of the" pulse~sig55JCat 75 
a frequency of norless'thafi THz and result- 
ing from variations of the_ jeTrScnyeTndex 
of "the gaseous medium due "to the heat of "tlje 
fire." The expression quoted "does not there- 
fore include long term attenuation of the 80 
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signal due to obscuration of the light beam 
although fire-detecting apparatus according 
to the invention may additionally incorporate 
a smoke detector responsive to the obscura- 
tion effect. 

Jo detect the presence of hot gases, such 
a detector system does not utilise change of 
position of the incident beam as a whole rela- 
tive to the detector surface, because the wide 
beam will always cover the whole of the de- 
tector surface, but relies on fluctuation of 
intensity within the beam cross-section liv- 
ing a fluctuation with time in the radiation 
received over the detector surface. Minor 
variations in the direction of the beam due 
to wall movements, for example, merely 
move a different part of the beam on to the 
radiation-receiving surface of the detector, 
i J° amount of radiation received by 
the detector is substantially unaffected bv 
such movements. * 

The use of a pulsed source of radiation in 
combination with a frequency-responsive 
circuit in the receiver permits most of the 
noise signals, that is to say signals due to 
ambient radiation, to be filtered from the 
receiver output. For detection of modula- 
tion due to hot air or other hot gases the 
frequency of the pulses of radiation from 
the source must be sufficient to permit the 
emited pulses of radiation to be distinguished 
trom the modulation due to hot air and other 
hot gases in the presence of fire. In °eneral 
such modulation will lie between 1 Hz and 
ISO Hz and the pulses of radiation from the 
source must therefore have a frequency 
greater than this. 

In our preferred alarm, we use a semi- 
conductor light source, for example an infra- 
red hgnt source of the gallium arsenide kind 
and we pulse this infra-red source at a fre- 
quency of 1,000 Hz, each pulse lasting for 
about 2 microseconds. This permits signals 
due to ambient light to be filtered out to- 
gether with pulsed signals due to mains light- 
ing which are at a frequency less than 1,000 
±12; in addition, the signal at 1,000 Hz is 
easier to amplify than a D.C. signal. This 
permits the detection of a very weak sisnal 
and therefore permits the use of a wide 
beam. It has the further advantage that the 
gallium arsenide source may be pulsed at 
very high power since it is switched on for 
only a very short time. 

It is convenient to use a silicon photo- 
transistor as a detector but this introduces 
one further difficulty, namely that although 
signals due to ambient illumination can be 
satisfactorily filtered out, the strength of 
the remaining signals undergoes consider- 
able variation with variations in the ambient 
illumination. To operate such a photo-tran- 
sistor so that stronger and more consistent 
signals are obtained, we include in our pre- 
teired form of apparatus means for givin" 



the photo-transistor a constant forward bias 
As will be explained, this has the effect of 
shifting the operating point of the photo- 
transistor along its characteristic curve to a 
point at which further increases in collector 
current due to variations in ambient illumina- 
tion have no substantial effect on the gain 
of the transistor. In the preferred form "the 
constant bias is provided by irradiating the 
photo-transistor with a subsidiary light source 
ot substantially constant level, but it can 
also be achieved by supplying an electrical 
forward bias to the base of the photo- 
transistor. l 

We have also found that the effect of 
the flicker frequency of mains illumination 
on the output of the detector can be further 
reduced, if the emitter in the heat detection 
apparatus is of a kind having a rapid rise 
time when pulsed, by making the receiver 
responsive not to the pulse frequency but 
to a frequency based on the rise time of the 
pulse of radiation from the emitter 

Preferably following this frequency- 
responsive circuit which selects from the out- 
put : 0l . the detector only the pulse signal re- 
sulting from the emitter pulses, there is a 
turther frequency-sensitive circuit which is 
primarily responsive to those fluctuations in 
the amplitude of the received pulses which 
are at a frequency between 2 Hz and *>5 Hz 
the range m which the strongest modulation 
occurs in the presence of a fire 

If desired, the output from the radiation- 
sensitive device, or from a further radiation- 
sensitive device receiving the same pulsed 
beam from the emitter, is used to indicate 
obscuration of the beam by smoke as well 
as refraction of the beam due to passage 
through hot gases. This permits the apparl- 105 
tus to respond rapidly both to fires in which 
tnere is considerable heat but little smoke 
and also to fires of the kind in which smoke 
is generated before the heat becomes suf- 
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ficient to modulate the pulsed signal 

In order that the invention may be better 
understood, one example of apparatus em- 

3, ym V he lnvent, ° n wi » now be described 
with reference to the accompanying draw- 
ings, in which: — J s 

Figure 1 is a block diagram of apparatus 
embodying the invention; 

Figure 2 is a circuit diagram of the HF 
amplifier stage of the receiver 

H.? S t Ure * !? a . circu j t diagram 'of the heat 120 
detector, following the amplifier stage of 
Figure 2; ° 

Figure 4 is a circuit diagram of a smoke 
detector, used m combination with the heat 
detector in tne apparatus of Figure 1- 125 

figure 5 is a fault detector "used in the 
apparatus of Figure 1; and 

Figure 6 shows the output circuits of 
rigure 1. 

In Figure 1, the source 10 of radiation is 130 
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a gallium arsenide diode emitting light in 
the infra-red portion of the spectrum. In 
front of the diode 10 there is a moulded bi- 
convex lens. The optical output is a diverg- 
5 ing beam which has a width of aproximately 
1 foot (30 cm.) at a range of 100 feet (30 
metres). 

The diode is pulsed by means of a free 
running multivibrator 12, operating at a 

10 frequency of approximately 1,000 Hz, driving 
a monostable pulsing circuit 14, the pulses 
from which have a pulse width of about 2 
microseconds. These pulses are directly 
coupled to a low impedance switching 

15 circuit 16 controlling the supply feed to the 
photo-emitting diode 10. 

At the receiver, a bi-convex lens 18 has 
a photo-transistor 20 mounted at fixed 
focus behind it. A light-emitting diode 22 

20 floods the photo-transistor 20 with biasing 
light of constant intensity to reduce the 
variation of gain of the photo-transistor with 
different levels of ambient light. 

The output of the photo-transistor is ap- 

25 plied through an HF amplifier stage 24 to a 
waveforming circuit 26. The output of the 
circuit 26 is split, one portion going to the 
heat-detecting channel and the other to the 
smoke-detecting channel and to the fault 

30 channel. The heat-detecting channel includes 
an integrating circuit 28 responsive to the 
pulses from the waveforming circuit, an 
audio-frequency amplifier 30, which is 
frequency-selective so as to pass signals at 

35 the frequencies produced by hot gases in 
the path of the beam, a rectifier 32, a time 
delay circuit 34, and an output circuit 36. 

In the smoke channel, the signal from 
circuit 26 passes through an integrating 

40 circuit 38 to a level comparator 40. The 
i comparator also receives a signal from a 
1 quiescent signal level store 44, which derives 
its input, through a divide-by-two circuit 42, 
from circuit 38. When obscuration by smoke 

45 reduces the output of the integrating circuit 
38 to one half of the quiescent signal level, 
the comparator 40 supplies an alarm signal to 
the time delay circuit 46 and thence to the 
output circuit 48. 

50 The fault channel produces a fault warn- 
ing in response to spurious signals such as 
signals caused by sudden obscuration of the 
beam, e.g., by someone walking into the 
beam path or by failure of the emitter. In 

55 the fault channel, a differential detector 50 
compares the output of circuit 38 with a sig- 
nal from a fault reference level circuit 52. 
When a fault is detected, the fault signal is 
applied through a time delay circuit" 54 to 

60 the output circuit 56. The circuit is so ar- 
ranged that if a smoke alarm has been regi- 
stered before the fault signal, the smoke 
alarm is retained, but a fault condition over- 
rides a subsequent smoke alarm signal until 

65 the fault condition is cleared. 



Turning now to the more detailed circuit 
diagram of Figure 2, as explained above, 
the effect of daylight, artificial light, heating, 
and other ambient infra-red radiation is to 
create a corresponding steady signal which 70 
is represented in the output of the photo- 
transistor 20 by a D.C. signal, the level of 
which will obviously vary with the ambient 
conditions. As a consequence, the signal due 
to the incoming radiation from the diode 10 75 
is superimposed upon a D.C. signal level 
which is itself a variable. The gain of a 
transistor varies with the collector current 
up to a certain value of current and there- 
after is substantially constant. Therefore 80 
below this value of current, the gain of the 
circuit for the required A.C. signal varies 
with the level of ambient radiation. In the 
present receiver, a further photo-emitting 
diode 22 provides direct illumination of the 85 
photo-transistor 20 from within the receiver 
unit, with the result that the effect of ambient 
infra-red radiation is reduced to an insigni- 
ficant proportion of the total steady illum- 
ination of the transistor. This provides a 90 
forward bias sufficient to bring the transistor 
operation into the contact-gain region and 
permits a strong A.C. signal to be derived 
from the filtered output of the photo-transis- 
tor in spite of variations of ambient light. 95 

The output of the diode 20 is applied 
through transistors TR1 and TR2 to a tran- 
sistor TR3 in an emitter-follower circuit. 
Transistors TR1 and TR2 have an A.C. feed- 
back path including resistor R7 and capaci- 100 
tor C5 and C4. Capacitor C4 decouples the 
emitter resistor of transistor TR1 at high 
frequencies and capacitor C7 performs the 
same function for transistor TR2. There is 
also a D.C. feedback path consisting of resis- 105 
tors R8 and R5, decoupled by capacitor C6. 

The time constant of the circuits asso- 
ciated with transistors TR1 and TR2 are 
chosen to make this circuit responsive in the 
region of 100 to 330 kHz, i.e., a frequency 110 
greater than the 1,000 Hz pulsing frequency 
of the photo diode 10. This higher frequency 
response is based on the rise time of pulses 
from diode 10, and the response rise time 
of the photo-transistor 20. It permits better 115 
discrimination against flicker frequency from 
electric lighting than could be expected at 
the pulse frequency. 

If desired, a further stage of high fre- 
quency amplification can be included. 120 

The amplified signal is injected into a 
waveforming circuit 26 (Figure 3) which 
shapes the signal "spikes" from the HF 
amplifier to give signals of longer duration. 
The resulting signal from an impedance- 125 
matching transistor TR4 is applied over line 
60 to the heat detector circuit and over line 
62 to the smoke detector and fault circuits. 

To begin with the heat detector, the saw- 
tooth signal is injected into an integrating 130 
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circuit 28 connected to one input of a dif- 
ferential amplifier 64, the second input of 
which is coupled to the amplifier output to 
give negative feedback of a fixed level. The 
^ decay characteristic of the integrating circuit 
is designed to prevent the signal resulting 
from the 1,000 Hz pulses, in normal ambient 
conditions, from switching the differential 
amplifier. However, when the beam passes 

iu through hot air resulting from a fire, the 
overall signal will be modulated in the range 
of 1 to 150 Hz. A signal modulated in the 
range 2 Hz to 25 Hz, the range in which 
most of the fluctuations will occur, exceeds 

I* the rate of the integrating circuit and causes 
the differential amplifier to respond. Nega- 
tive-going pulses in the output of the dif- 
ferential amplifier are bypassed to earth 
and the positive-going signal is used to 

*u charge a capacitor C14 whose voltage is ap- 
plied to the gate of a field-effect transistor 
t ET1. The signal from the transistor FET1 
is applied through transistors TR5 and TR6 
to the gate of a thyristor SCR1 which con- 

^ trols an indicator lamp and an alarm relay 
circuit through the line 66. The circuits 32 
and 34 between them provide a time delay 
to prevent response of the thyristor to 

- n ^ansient thermal disturbances of the air in 

w the beam path or a transient blocking of the 
beam. 

Turning now to the smoke detection 
circuit (Figure 4), the signal on line 62 passes 
through a diode D6 and resistor R42 to an 

^ integrating capacitor C22. The voltage across 
this capacitor is applied through a diode 
D7 to one input of a differential amplifier 
IC3. A potential divider consisting of resis- 
tors R43 and R44 permits a signal represent- 

«u ing about one half of the integrating canaci- 
tor voltage to be applied through a diode D8 
to a capacitor 23 which represents the quies- 
cent signal store. 

Ac- , Unc Jer normal quiescent operation the dif- 

^ ferential amplifier is biased to a zero-output 
state by the higher voltage at its first input. 
In the event of smoke entering the beam the 
receiver signal is attenuated and the ampli- 
tude of the charging pulses applied to the 

DU reservoir capacitor C22 is consequently re- 
duced. Thus the voltage at the first input of 
the amplifier is decreased, whereas that at 
the second input will be maintained for a 
predetermined period because of the reJa- 
tively slow discharge of the capacitor C23 
It the voltage at the first input falls below 
lu AIt second > the amplifier is driven to 
the ON state. A signal is consequently ap- 
plied to tte gate of the silicon controlled 

60 rectifier SCR2, which controls an alarm relay 
and indicator lamp circuit through line 72. 
lne thyristor circuit is damped by a capaci- 
tor to prevent spurious triggering by transient 
signals. Typically, an alarm signal is re-i- 

65 stered when the peak voltage of pulses ap- 



plied to the integrating capacitor C22 falls ' 
below 50% of the normal quiescent level. 

The fault circuit of Figure 5 also receives 
a signal over line 62 and through the diode 
D6 and resistor R42. This signal is applied 70 
to one input of a differential amplifier IC2 
operatmg in the D.C. switching mode The 
second input of this amplifier is biased from 
a potential dividing network connected across 
the power supply, the bias holding the amoli- 75 
fier m its OFF state under normal quiescent 
conditions. In the event of a fault due either 
to failure of the transmitted beam or to con- 
tinuous obstruction of the beam, the sisnal 
pulses necessary to maintain the charge at 80 
the integrating capacitor C22 are discon- 
tinued. The stored energy is then discharged 
and the reduced voltage at the first inpuf of 
the amplifier IC2 causes this amplifier to 
switch to its ON state. In order to reject 85 
transient fault signals, the amplifier output 
is applied to a resistance/ capacitance net- 
work 54 with a time constant of approxi- 
mately 1 second, the resulting signal beino- 
apphed through transistors TR8 and TR7 to 90 
control a fault warning relay and indicator 
lamp. The fault warning relay is arranged 
to override the smoke detection system if it 
is initiated first. 

Turning now to Figure 6, the connection 95 
66 (see also Figure 3) at the output of the 
heat detecting circuit extends through an in- 
dicator lamp LP1 and throush a resetting 
switch contact 68 to a supply line 70. The 
line 66 is also connected to the supply line 100 
through a parallel branch including rectifier 
D3 and a fire relay FR and the resetting 
contact. Thus when the rectifier SCR1 is 
triggered the lamp LP1 is illuminated and 
the lire relay is energised. 105 

Similarly, line 72 at the output of the 
smoke detector circuit (see also Figure 4) 
is connected through a contact FA3*Vwhich 
is closed during normal operation of the 
apparatus) to a lamp LP2 and, through a 110 
diode D4, to the fire relay FR, which is com- 
mon to both the heat and the smoke circuits 
Wnen the rectifier SCR2 triagers it com- 
pletes the circuit through the relay and 
through the indicator lamp to the supply line 115 
contact FR9 mP * locking circuit through 

Line 74 at the output of the fault circuit 
(see also Figure 5) is connected to transistor 
™J vhlch P a u sses c «rrent during normal 120 
operation of the apparatus. As a con- 
sequence, a fault relay FA (Figure 6) is 
energised and a contact FA2 in series with 
a lamp LP4 is opened. When a fault occurs 
the transistor TR7 becomes non-conducting 125 
the relay FA is de-energised, the lamp LP3 
(which is illuminated for normal working 
is also de-energised, and the contact FA2 
closes to illuminate lamp LP4, showing that 
the fault exists. In addition, contact FA 3 130 
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in series with line 72 opens to prevent the 
generation of a smoke signal. 

Diode D5 conducts in the presence of a 
smoke signal and this holds the relay in its 
5 energised condition so that whatever subse- 
quently happens on line 74, the smoke relay 
remains energised. 

If desired, the radiation source and the 
detector may be arranged at the same end 
10 of a room to be protected, with a reflector 
at the opposite end. This has the advantage 
that the wiring for both the source and the 
detector can then be restricted to one end of 
the room. A corner cube mirror can be used. 

15 

WHAT WE CLAIM IS: — 

1. Fire-detecting apparatus comprising: 
a source of radiation including a solid-state 
emitter emitting a beam of radiation in a 

20 series of pulses; radiation-receiving means 
positioned to receive radiation which has 
passed through an intervening gaseous 
medium from the said source and includ- 
ing a device sensitive to the received radia- 

25 tion to produce a corresponding electric sig- 
nal, the beam of radiation, where incident 
on the radiation-receiving means, overlap- 
ping the radiation-receiving means around 
the whole of its perimeter; a frequency- 

30 selective circuit for selecting from the out- 
put of the radiation-sensitive device a pulse 
signal resulting from the pulses of radiation 
from the said source; and an alarm circuit 
connected to receive this pulse signal and 

35 responsive to an amplitude modulation 
thereof indicative of the effect of the heat 
of a fire on the said intervening gaseous 
medium. 

2. Fire-detecting apparatus in accordance 
40 with claim 1, in which the source of radiation 

is an infra-red light source of the gallium 
arsenide kind. 



3. Fire-detecting apparatus in accordance 
with claim 1 or 2, in which the radiation- 
sensitive device is a photo-transistor. 45. 

4. Fire-detecting apparatus in accordance 
with claim 3, including means whereby the 
photo-transistor is given a constant forward 
bias. 

5. Fire-detecting apparatus in accord- 50 
ance with claim 4, in which the forward bias- 
ing means is a subsidiary source of radia- 
tion, located at the radiation-receiving 
means, and arranged to irradiate the photo- 
transistor at a substantially constant level. 55 

6. Fire-detecting apparatus in accordance 
with any one of claims 1 — 5, in which the 
frequency response of the frequency-selec- 
tive circuit is substantially greater than the 
pulse repetition frequency of the emitted 60 
pulses of radiation. 

7. Fire-detecting apparatus in accordance 
with any one of claims 1 — 6, in which the 
alarm circuit includes a frequency-selective 
audio frequency circuit. 65 

8. Fire- detecting apparatus in accordance 
with claim 7, in which the maximum re- 
sponse of the said audio frequency circuit 
occurs in the frequency range 2 Hz to 25 Hz. 

9. Fire-detecting apparatus in accordance 70 
with any one of claims 1—8, including a 
further alarm circuit responsive to a reduc- 
tion in the amplitude of the said pulse signal ^ 
indicative of at least a partial obscuration of 

the said emitted radiation. 75 

10. Fire-detecting apparatus in accord- 
ance with claim 1, substantially as herein 
described with reference to Figure 1 of the 
accompanying drawings. 

For the Applicants: 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, 
London, WC2A 1HN. 
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